Rod-shaped bacterial cells can readily adapt their lengths and widths in response to environmental 2 changes. While many recent studies have focused on the mechanisms underlying bacterial cell size 3 control, it remains largely unknown how the coupling between cell length and width results in 4 robust control of rod-like bacterial shapes. In this study we uncover a universal surface-to-volume 5 scaling relation in Escherichia coli and other rod-shaped bacteria, resulting from the preserva-6 tion of cell aspect ratio. To explain the mechanistic origin of aspect-ratio control, we propose a 7 quantitative model for the coupling between bacterial cell elongation and the accumulation of an 8 essential division protein, FtsZ. This model reveals a mechanism for why bacterial aspect ratio is 9 independent of cell size and growth conditions, and predicts cell morphological changes in response 10 to nutrient perturbations, antibiotics, MreB or FtsZ depletion, in quantitative agreement with 11 experimental data. 12 13 Main Text 14
with V 0 the cell volume at κ = 0, and α is the relative rate of increase in V with κ ( Fig. 1C ). Eq. (1) 38 underlies an adaptive feedback response of the cell -at low nutrient conditions, cells increase 39 their surface-to-volume ratio to promote nutrient influx. Prediction from Eq. (1) is in excellent 40 agreement with the best fit to the experimental data. Furthermore, a constant aspect ratio of 41 ≈ 4 implies V ≈ √ 8w 3 and S ≈ 4πw 2 , where w is the cell width, suggesting stronger geometric 42 constraints than recently proposed [11, 24] . Thus, knowing cell volume as a function of cell cycle 
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To investigate how surface-to-volume ratio is regulated at the single cell level we analysed the 46 morphologies of E. coli cells grown in the mother machine [6] ( Fig. 1D ). For five different growth media, mean volume and surface area of newborn cells also follow the relationship S = 2πV 2/3 , To predict cell-shape dynamics under perturbations to growth conditions we simulated our 86 single-cell model ( Fig. 2A, Appendix) with an additional equation for cell width that we derived 87 using the model [9] : dS/dt = βV , where β is the rate of surface area synthesis relative to volume ( Figure 2-figure supplement 1B) . For a sphero-cylinder shaped bacterium, we have
such that w = 4k/β at steady-state. When simulated cells are exposed to new nutrient conditions Cell-to-cell or intergenerational variability results in scaling exponents slightly above 2/3, as expected. Newborn cells with aspect ratio between 5-6 or 3-3.5 were tracked over generations. Population average for given generation number over 737-2843 cells for different growth condition is shown.
